Developmental regulation and cell-specific expression of N-methyl-D-aspartate receptor splice variants in rat hippocampus.
The present study demonstrates cell-specific and developmental regulation of 5' and 3' splicing of the N-methyl-D-aspartate receptor NR1 subunit within specific neuronal populations of the hippocampus. At birth, NR1 transcripts lacking exon 5 (encoding the amino-terminal splice cassette N1) exhibit mature patterns of labelling within the hippocampus, with high levels of expression in the CA1, CA3, and dentate gyrus. In contrast, exon 5-containing (NR1(1XX)) transcripts are expressed at low levels until P8, at which time expression is prominent and essentially uniform in the CA1, CA3, and dentate gyrus. Exon 5 expression increases at a faster rate in CA3 than in CA1 or dentate gyrus. By the third week postnatal (postnatal day P21), exon 5-containing transcripts exhibit a distinct gradient of labelling, with more intense expression in CA3, than in CA1 or dentate gyrus. By P21 pyramidal neurons of the CA1 and granule cells of the dentate gyrus express mainly NR1(0XX) receptor messenger RNAs (lacking exon 5). Because splicing in of the N1 splice cassette confers greater current amplitude and enhanced potentiation by protein kinase C, these observations predict elevated levels of synaptic activity in the CA1 early in postnatal life, a time at which synaptic plasticity is enhanced. The carboxy-terminal splice cassettes C1 and C2 are regulated independently within the hippocampus. Whereas NR1(X11) (C1-, C2-containing) and NR1(X01) (C2 only) receptors exhibit high levels of expression in CA1, CA3, and dentate gyrus, NR1(X00) receptors are expressed more intensely in pyramidal neurons of CA3. NR1(X10) receptor expression is very low in all cells and at all times examined, even in adults. Because splicing in of the C1 cassette is thought to regulate receptor targeting, clustering, and cytoskeletal interactions, N-methyl-D-aspartate receptors in the two hippocampal subfields may play differing roles in synaptogenesis and the formation of new neuronal contacts. Moreover, cell-specific patterns of NR1(X11) receptor messenger RNAs parallel those of NR1(0XX) receptor messenger RNAs; and cell-specific patterns of NR1(1XX) (N1-containing) receptor messenger RNAs parallels those of NR1(X00) (C1-, C2-lacking) receptor messenger RNAs throughout development. These observations suggest that NR1(100) receptors, which exhibits the greatest potentiation by protein kinase C, are likely to be important in CA1 during the second and third weeks postnatal. Cell-specific expression of NR1 splice variants undoubtedly contributes to functional diversity of N-methyl-D-aspartate receptor properties in neuronal populations within the hippocampus. Developmental regulation of NR1 splicing is likely to influence synaptic plasticity and the formation of new synaptic contacts. Moreover, findings from this study suggest that a change in NR1 splicing following a neurological injury could significantly alter glutamate pathogenicity in a particular population of cells.